Abstract Little is known about the relation of multivitamin use to breast cancer outcomes. 2,236 women diagnosed from 1997 to 2000 with early-stage breast cancer (Stage I C 1 cm, II, or IIIA) were enrolled about 2 years post-diagnosis, primarily from the Kaiser Permanente Northern California Cancer Registry (83%). Multivitamin use pre-diagnosis and post-diagnosis was assessed via mailed questionnaire. Outcomes were ascertained yearly by self-report and verified by medical record review. Delayedentry Cox proportional hazards models were used to estimate hazard ratios (HR) and 95% confidence intervals (CI), adjusting for sociodemographic, tumor, and lifestyle factors. Overall, 54 and 72% of the cohort reported using multivitamins pre-and post-diagnosis, respectively. A total of 380 recurrences, 212 breast cancer deaths, and 396 total deaths were confirmed. Compared to never use, multivitamin use after diagnosis was not associated with any outcome (recurrence HR = 0.92; 95% CI: 0.71, 1.20; total mortality HR = 0.92; 95% CI: 0.71, 1.19). Compared to never use, persistent use of multivitamins from pre-to postdiagnosis was associated with a non-significant decreased risk of recurrence (HR = 0.76; 95% CI: 0.54, 1.06) and total mortality (HR = 0.79; 95% CI: 0.56, 1.12). The protective associations were limited to women who had been treated by radiation only (P for trend = 0.048 and 0.083 for recurrence and total mortality, respectively) and both radiation and chemotherapy (P for trend = 0.015 and 0.095 for recurrence and total mortality, respectively). In stratified analyses, women who consistently used multivitamins before and after diagnosis and ate more fruits/vegetables (P for trend = 0.008) and were more physically active (P for trend = 0.034) had better overall survival. Multivitamin use along with practice of other health-promoting behaviors may be beneficial in improving breast cancer outcomes in select groups of survivors.
Introduction
In the United States, over 2.5 million women are living with breast cancer [1] . Many of these women question if lifestyle changes can improve their prognosis, including whether taking vitamin supplements can reduce adverse side effects from treatment, decrease risk of recurrence, and improve survival [2] .
Multivitamin and mineral supplements are the most commonly used dietary supplements in the United States. Approximately 57% of adult women reported taking a dietary supplement in the past month, and 38% reported regular use of a multivitamin-multimineral [3, 4] . Female gender, older age, higher education, non-Hispanic White race/ethnicity, any physical activity, and normal weight were associated with greater use of multivitamin-multiminerals.
Compared to healthy populations, cancer patients appear to be more frequent users of multivitamins and vitamin/ mineral supplements [2, 4] . In previous studies of women with breast cancer undergoing treatment and up to 9 years post-diagnosis, any vitamin or mineral use ranged from 67 to 87%, and multivitamin use specifically 57-62% [2] . To date, only one prospective cohort study of over 4,800 Chinese breast cancer survivors has examined the association between multivitamin use and breast cancer prognosis [5] . This study reported decreased risks of recurrence and total mortality with any multivitamin use within the first 6 months post-diagnosis.
In the Life After Cancer Epidemiology (LACE) Study, a prospective study of 2,236 early-stage breast cancer survivors, we describe pre-diagnosis and post-diagnosis multivitamin use in the cohort, and investigate the association between multivitamin use and breast cancer recurrence and survival. We also examine associations by important healthy lifestyle factors (smoking, non-sedentary physical activity, fruit and vegetable intake) and adjuvant therapy received (radiation therapy, chemotherapy, hormonal therapy).
Methods

Study population
The LACE cohort consists of 2,264 women diagnosed with invasive breast cancer between 1997 and 2000 and recruited primarily from the Kaiser Permanente Northern California (KPNC) Cancer Registry (83%) and the Utah Cancer Registry (12%) from 2000 to 2002. Further details are provided elsewhere [6] .
Eligibility criteria included age 18-79 years old at diagnosis; a diagnosis of early-stage, primary breast cancer (Stage I C 1 cm, Stage II, or Stage IIIA); enrollment within 39 months post-diagnosis; completion of breast cancer treatment (except for adjuvant hormonal therapy); no recurrence; and no history of other cancers in the 5 years before enrollment.
Between January 2000 and April 2002, 5,656 women who initially met the eligibility criteria were contacted. Of these, 2,614 (46%) agreed to participate, and an additional 350 were excluded after medical record review did not confirm eligibility. The remaining 2,264 women constitute the LACE cohort. The study was approved by the institutional review boards of KPNC and the University of Utah.
Data collection
Baseline data were collected on average 1.91 years (range: 0.93-3.24) post-diagnosis through mailed questionnaires. Information was gathered on demographics, medical history, medication use, reproductive history, family history of cancer, weight history, dietary supplement use, diet, physical activity, quality of life, depressive symptoms, and functional limitations. Diet was assessed using the Fred Hutchinson Cancer Research Center Food Frequency Questionnaire [7] . Physical activity was ascertained (METh/week) with a questionnaire adapted from the Arizona Activity Frequency Questionnaire [8] .
Details on pre-and post-diagnosis use of dietary supplements were collected at baseline, including multivitamins with minerals (MVM), multivitamins without minerals (MVNM), vitamin C, vitamin E, multiple carotenoids, beta carotene, lycopene, selenium, and zinc. Examples of MVM given were One-A-Day Ò , Theragran, Centrum Ò , while for MVNM were B-complex or ''stress'' Formula, Antioxidant Formula. Women reported ever or never use C3 times/week for a year or more during the 5 years before their breast cancer diagnosis, and ever or never and frequency (less than 1 day/week, 1-2 days/ week, 3-5 days/week, 6-7 days/week) since their breast cancer diagnosis. Use during cancer treatment (chemotherapy, radiation therapy, hormonal therapy) was not explicitly asked.
Clinical information was obtained through KPNC electronic data sources (KP women) and/or medical chart review (all women), including tumor size, positive lymph nodes, hormone receptor status, surgery, and treatment. Tumor stage was calculated according to the American Joint Committee on Cancer (AJCC) (5th edition).
Recurrences were ascertained by a semi-annual or annual (after April 2005) mailed health status questionnaire asking participants to report any events occurring in the preceding six or 12 months, respectively. Non-respondents were called to complete the questionnaire by telephone. Medical records were reviewed to verify reported outcomes. Participant deaths were determined through KPNC electronic data sources (KP women), a family member responding to a mailed questionnaire (all women), or a phone call (all women). Copies of death certificates were obtained to verify primary and underlying causes of death based on ICD-9 codes.
Three outcomes were considered: new breast cancer event (hereafter referred to as recurrence), death from breast cancer, and all-cause/total mortality. Recurrence includes a local/regional cancer recurrence, distant recurrence/metastasis, and contralateral primary breast cancer. Death from breast cancer includes death attributable to breast cancer as a primary or underlying cause on the death certificate, and all-cause mortality includes death from any cause including breast cancer. A physician collaborator was consulted in the event a cause of death was unclear.
The final analytic sample size was 2,236 after an additional 28 women were excluded due to missing dietary supplement data.
Statistical analysis
To examine the independent effects of MVM and MVNM use, women who reported taking both MVM and MVNM pre-or post-diagnosis were excluded from the analyses on multivitamin type (n = 181 pre-diagnosis, n = 279 postdiagnosis). For frequency of post-diagnosis use, never users were those who reported no use of any multivitamin; occasional users were those who reported a frequency of C1 day/week up to 3-5 days/week; and frequent users were those who reported a frequency of 6-7 days/week. To characterize combined pre-and post-diagnosis use, never users were classified as those reporting no use of any multivitamin pre-or post-diagnosis; former users as those reporting pre-diagnosis use of C3 times/week for a year or more and no post-diagnosis use; new users as those reporting no pre-diagnosis use and post-diagnosis use of C3 times/week for a year or more; and persistent users as those reporting pre-diagnosis use of C3 times/week for a year or more and post-diagnosis use of C3 times/week. Of note, persistent use does not specifically include an evaluation of use during treatment.
Comparisons of pre-and post-diagnosis multivitamin use (never vs. ever) by cohort characteristics were evaluated using Pearson chi-square and Kruskal-Wallis tests. Survival analysis was conducted using time from cancer diagnosis as the time scale and delayed entry so that for each subject, follow-up began at study entry (i.e., baseline questionnaire). Follow-up ended at date of first confirmed cancer recurrence or death, depending on the analysis. Individuals who had no event were censored at date of last contact. Hazard ratios (HR) and 95% confidence intervals (CI) representing the association between a defined event and multivitamin use were computed using Cox proportional hazards models [9, 10] . Linear tests for trend were estimated by modeling categorical variables of exposure on an ordinal scale.
Covariates considered for inclusion in the multivariate models are presented in Table 1 . Based on a priori covariates from review of the literature or at least 10% change in the effect estimate of multivitamin use when each covariate was added individually to the Cox model [11], age at diagnosis, race/ethnicity, education, tumor characteristics (stage, hormone receptor status, nodal status), treatment (chemotherapy, radiation therapy), pre-diagnosis BMI, other antioxidant supplement use, smoking, non-sedentary physical activity, and fruit and vegetable consumption were retained in the final models.
Stratified analyses of multivitamin use by smoking (never vs. ever); MET-h/week of non-sedentary physical activity (top vs. bottom quartile); servings per day of fruits and vegetables (top vs. bottom quartile); and treatment (none, chemotherapy only, radiation therapy only, and hormonal therapy) were conducted by generating stratumspecific estimates. Separate overall models were run with interaction terms (multivitamin use 9 stratification variable), and likelihood ratio tests were used to determine statistical significance. Table 1 gives selected characteristics of pre-and postdiagnosis multivitamin users in the cohort (pre-diagnosis n = 1,121; 54%; post-diagnosis n = 1,595; 72%) and never users. Compared to never users, women who took multivitamins, either pre-or post-diagnosis, were more educated and more often white. They had lower BMI 1 year before diagnosis, were more physically active, were more likely to consume greater amounts of fruits and vegetables at entry into the cohort, and took individual antioxidants at baseline. Pre-diagnosis users were more likely to be older and menopausal while post-diagnosis users were more likely to be non-smokers. Women who used multivitamins persistently C3 times/week from pre-to post-diagnosis (n = 992; 52%) had a similar profile to prediagnosis users (not shown). Only 51 women (2%) took multivitamins before diagnosis and discontinued after diagnosis, and they were excluded from analyses of combined pre-and post-diagnosis use.
Results
A total of 380 breast cancer recurrences (of which 66% were distant metastases and 56% eventually died from breast cancer) and 396 deaths were ascertained through 31 January 2011. Among the 396 deaths, 212 (54%) were attributable to breast cancer (of which 83% had any documented recurrence). Mean follow-up times from cohort entry (*1.91 years post-diagnosis) until recurrence or death were 4.07 years (range: 0.27-10.28) and 5.56 years (range: 0.33-10.74), respectively. Overall, cohort members were followed a mean of 8.33 years (range: 0-10.97), and 101 (4.5%) were lost-to-follow-up.
The primary associations between multivitamin use and breast cancer outcomes are given in Table 2 . While all the HRs were below 1.00, any multivitamin use after diagnosis was not associated with breast cancer recurrence (HR = 0.92; 95% CI: 0.71, 1.20), breast cancer death (HR = 0.87; 95% CI: 0.60, 1.24), or total mortality (HR = 0.92; 95% CI: 0.71, 1.19). Furthermore, no significant associations were observed by type of c Never = none, occasional = \1 day/week; 1-2 days/week, 3-5 days/week; frequent = 6-7 days/week d Never use includes never taking any multivitamin before and after diagnosis; New use includes taking any multivitamin after diagnosis but not before diagnosis for at least 3 times per week for a year or more; persistent Use includes taking any multivitamin before diagnosis for at least 3 times/week for a year or more and after diagnosis for at least 3 times/week New use (only post-diagnosis C3 times/week) was not associated with any breast cancer outcome. Yet persistent use (both pre-diagnosis and post-diagnosis C3 times/ week), compared to never use, was associated with a nonsignificant reduction in risk of recurrence (HR = 0.76; 95% CI: 0.54, 1.06), breast cancer mortality (HR = 0.70; 95% CI: 0.44, 1.11), and total mortality (HR = 0.79; 95% CI: 0.56, 1.12) ( Table 2 ). The tests for linear trend were not significant.
Stratified analyses of multivitamin use by select lifestyle factors are given in Table 3 . Overall, multivitamin use was most beneficial for risk of total mortality in the subgroups that were representative of a ''healthier lifestyle,'' defined by top quartiles of fruit/vegetable intake and non-sedentary physical activity and never smoking. Persistent multivitamin use among women who were in the top quartile of fruit and vegetable intake (at least 5.5 servings/day) was associated with a significant reduced risk of total mortality (HR = 0.28; 95% CI: 0.11, 0.72) compared to women who were in the bottom quartile (at most 2.4 servings/day) (HR = 0.82; 95% CI: 0.43, 1.58). Similarly, persistent multivitamin use among women who were in the top Table 4 . Among women who had radiation therapy only, persistent multivitamin use was associated with decreased risks of recurrence (HR = 0.49; 95% CI: 0.23, 1.01), breast cancer death (HR = 0.25; 95% CI: 0.09, 0.68), and total mortality (HR = 0.54; 95% CI: 0.26, 1.10). Inverse linear trends of new and persistent use and decreasing risk were apparent across all endpoints among women who had radiation therapy only (P for trends B 0.05 except for total mortality which was 0.083). a Adjusted for age at diagnosis, race/ethnicity, education, positive nodes, stage, hormone receptor status, treatment (not in radiation therapy and chemotherapy analyses), pre-diagnosis BMI, other antioxidant use, smoking, non-sedentary physical activity, and fruit and vegetable consumption b Never use includes never taking any multivitamin before and after diagnosis; New Use includes taking any multivitamin after diagnosis but not before diagnosis for at least 3 times per week for a year or more; Persistent Use includes taking any multivitamin before diagnosis for at least 3 times/week for a year or more and after diagnosis for at least 3 times/week
Persistent multivitamin use was also associated with decreased risks of recurrence (HR = 0.52; 95% CI: 0.31, 0.86), breast cancer death (HR = 0.56; 95% CI: 0.28, 1.15), and total mortality (HR = 0.59; 95% CI: 0.32, 1.07) among women who had both radiation therapy and chemotherapy, and linear trends were apparent for recurrence (P for trend = 0.015) and total mortality (P for trend = 0.095). No such protective associations were observed among the women who had chemotherapy only and the women who had no treatment. Significant multiplicative interactions were observed for recurrence and total mortality (P for interaction = 0.03 for both outcomes). Similar to the radiation therapy only group, persistent multivitamin use among women who had hormonal therapy was associated with decreased, yet non-significant, risks of recurrence (HR = 0.72; 95% CI: 0.50, 1.05), breast cancer death (HR = 0.61; 95% CI: 0.37, 1.02), and total mortality (HR = 0.76; 95% CI: 0.52, 1.11). Both recurrence and breast cancer death had significant inverse linear trends with history of multivitamin use. No multiplicative interactions of hormonal treatment and history of multivitamin use were observed.
Discussion
In this prospective cohort study of early-stage breast cancer survivors, we found that use of multivitamins in the 2 years after breast cancer diagnosis was not associated with breast cancer recurrence and survival after adjusting for sociodemographic, clinical, and lifestyle factors. Persistent use starting pre-diagnosis and into the 2 years post-diagnosis was possibly associated with a reduction in breast cancerrelated outcomes and overall death. For those women who were in the top quartile of the cohort of adhering to a healthy lifestyle represented by diet (consuming at least 5.5 servings of fruits and vegetables per day) and physical activity (engaging in non-sedentary activity of at least 16 h/week), persistent multivitamin use was associated with a 60-70% reduction in risk of dying from any cause. No associations were observed among women who were leading less healthy lifestyles. Furthermore, among women who only had radiation therapy and no chemotherapy as part of their adjuvant treatment, multivitamin use was associated with a consistent reduction in risk of recurrence, breast cancer death, and overall death. These results add to the evidence that multivitamin use after a breast cancer diagnosis may be safe, and suggest that consistent use of multivitamins may be beneficial to subgroups of breast cancer survivors (i.e., those who already follow a healthy lifestyle, and those who were treated by radiotherapy). Many laboratory studies have reported beneficial effects of vitamins and minerals on mechanisms of cancer risk and progression, including angiogenesis, immunity, cell differentiation, proliferation, and apoptosis [12, 13] . Despite the fairly rich literature on the effects of vitamins and supplements on cancer prevention in humans [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , few studies exist on the association of vitamins and supplements with cancer outcomes [4, [26] [27] [28] [29] . Current studies on breast cancer outcome have focused on antioxidants, yet most suffer from serious sample size and study design issues [30] with mixed results [31, 32] . The largest and most rigorous study to date is a prospective study of 4,877 breast cancer survivors in Shanghai, China that reported antioxidant use (vitamin C, vitamin E, and/or multivitamins) during the first 6 months post-diagnosis was associated with decreased risk of recurrence (HR = 0.78; 95% CI: 0.63, 0.95) and overall mortality (HR = 0.82; 95% CI: 0.65, 1.02) [5] . Similar to our study results, multivitamin use was associated with a non-significant decreased risk for recurrence (HR = 0.74; 95% CI: 0.53, 1.03) and overall mortality (HR = 0.82; 95% CI: 0.57, 1.17). In another LACE analysis addressing only post-diagnosis use of individual antioxidant supplements, frequent use of vitamin C (HR = 0.73; 95% CI: 0.55, 0.97) and vitamin E (HR = 0.71; 95% CI: 0.54, 0.94) was associated with reduced risks of breast cancer recurrence, and vitamin E (HR = 0.76; 95% CI: 0.58, 1.00) was associated with reduced risk of overall mortality, after adjustment for multivitamin use (H. Greenlee manuscript under review).
The evidence on use of antioxidant supplements, including multivitamins, for people with cancer is controversial. Two randomized clinical trials have demonstrated that concurrent administration of antioxidants with radiation therapy or chemotherapy reduces treatment-related side effects [30, 33] . However, one trial also demonstrated reduced survival among smokers who took antioxidants during radiation for head and neck cancer [34, 35] . Use of antioxidants during cancer treatment may possibly interact with radiation therapy and chemotherapy regimens [2, 33] by either protecting against treatment-related toxicities [36] [37] [38] or counteracting treatments acting through production of reactive oxygen species and induction of apoptosis [39, 40] . Their effects on adjuvant hormonal therapy are unknown [30] .
We found that among women who received radiation therapy only, long-term multivitamin use from 5 years prediagnosis to about 2 years post-diagnosis was associated with improved outcomes compared to no use, while no associations were observed for women who had no radiation therapy. Contrary results were reported in the Shanghai breast cancer survivor study where an inverse association of any antioxidant use (vitamin C, vitamin E, and/or multivitamins) was only observed among patients who did not receive radiation therapy [5] . The authors hypothesized that the lack of a protective association among women who used antioxidants and received radiation therapy might be due to insufficient dosages of supplementation; indeed, in the Shanghai cohort, only 36% of women took a supplement after diagnosis compared to 71% in our LACE cohort. In addition, we are the first to report possible improved prognosis associated with persistent multivitamin use among women who had hormonal therapy. Further studies are warranted with larger sample sizes and wide-ranging exposures of vitamin supplementation to elucidate the association of multivitamin users and breast cancer outcomes by receipt of adjuvant therapy, especially radiotherapy.
Taking multivitamins might be part of an overall healthpromoting lifestyle for general health maintenance or to improve nutritional status; thus, attention to healthy lifestyles, rather than the supplements, could be related to better prognosis. Furthermore, women who take multivitamins regularly after a breast cancer diagnosis are more likely to be adherent to their cancer treatment regimen, as well as clinical follow-up of their breast cancer. While we cannot completely rule out such confounding, we did account for sociodemographics, BMI, smoking, fruit and vegetable consumption, physical activity, and other antioxidant use in our multivariate models. To explore the role of multivitamins as part of a healthy lifestyle construct, we examined multivitamin use in subgroups of women categorized by indicators of a healthy compared to an unhealthy lifestyle represented by smoking, fruit and vegetable consumption, and physical activity. Interestingly, women who were strong adherers of a healthy lifestyle attained further benefit from taking multivitamins, specifically lowering their risk of dying from any cause. We also saw that among the non-healthy lifestyle followers, multivitamin use did not appear to influence prognosis, thus suggesting that other lifestyle factors play a larger role in influencing breast cancer outcomes. Of note, previous LACE analyses found that consuming a more healthful diet of fruits and vegetables, whole grains, and poultry [41] , and engaging in at least moderate physical activity, were each associated with decreased overall mortality but not breast cancer-related outcomes [41, 42] .
The LACE study is one of the larger prospective studies of breast cancer survivors to examine multivitamin use overall, and by lifestyle factors and adjuvant therapy, in relation to breast cancer outcomes, yet several limitations should be considered. Our analyses relied on self-report of multivitamin use relative to breast cancer diagnosis, thus over-reporting is a possibility. However, multivitamin use in our cohort (54% pre-diagnosis, 72% post-diagnosis) was comparable to studies of US healthy study populations [3, 43] and breast cancer survivors [2, 30, 44, 45] . Furthermore, post-diagnosis use appears fairly consistent through extended follow-up of the cohort; 82% of women who reported use at baseline (about 2 years post-diagnosis) also cited use at 6 years of follow-up (about 8 years postdiagnosis). We did not specifically ask women about multivitamin use during treatment, and therefore, we cannot draw any conclusions about the safety or benefit of multivitamin use during radiation, chemotherapy, and hormonal therapy. Finally, one could hypothesize that the Never use includes never taking any multivitamin before and after diagnosis; New Use includes taking any multivitamin after diagnosis but not before diagnosis for at least 3 times per week for a year or more; Persistent Use includes taking any multivitamin before diagnosis for at least 3 times/week for a year or more and after diagnosis for at least 3 times/week beneficial effects of multivitamins on breast cancer prognosis and survival might be driven by the antioxidant ingredients contained in the multivitamin. In post-hoc analyses examining multivitamin use by concurrent use of any individual antioxidant, we found that being a concurrent user was possibly associated with improved outcomes, yet none of the associations were statistically significant (Table 5 ).
In conclusion, taking multivitamins in the 2 years after a breast cancer diagnosis was not associated with any adverse outcomes, and was associated with improved outcomes among women who were already following a healthy lifestyle as a cancer survivor [46, 47] . Multivitamin use among those who received radiation therapy was also not associated with any detrimental outcomes, and may be associated with improved prognosis. Considering the few studies to date addressing outcomes associated with multivitamin use after a breast cancer diagnosis, our results are intriguing and warrant confirmation in other large prospective and intervention studies of breast cancer survivors.
